We present a compact (10-cm head size, 3-cm base) axial magnetic gradiometer with a method of its astatization (i.e. suppression of false response to homogeneous field). For astatization, we use two integrated orthogonal sensors and a second-order polynomial correction; after astatization the gradiometer error is suppressed more than 1000×. The gradiometer has been successfully used in a real-world metal-detection task which was allowed by the low gradiometer astatization error of ± 50 nT/m and its noise of 1 nT/(m Hz) @ 1 Hz.
Introduction
Compact gradiometer has several important advantages, mainly the ability to suppress even relatively close magnetic disturbances. For close sources, the advantage of small gradiometric base is the possibility to determine the magnetic field gradient more precisely [1] . Our gradiometer consists of two ring-core fluxgate sensors, with 30-mm gradiometric base, and sharing common gradient feedback and homogeneous feedback coils [2] -see Fig. 1a .
The small base however emphasizes geometric imperfections, astatization (suppression of false response to homogeneous field) is thus necessary for real-world scenarios. For example in metal-detection, the gradiometer head may be positioned arbitrarily in the Earth's magnetic field (48 T in our case) and the gradiometer error due to the large homogeneous common-mode can mask the desired response. Even for a state-of-the-art highly-balanced SQUID gradiometer with a gradiometric base of 35 mm [3] , a compensation technique was necessary to achieve less than 2 nT/m error due to movements in the Earth's field and finite common-mode rejection of the gradiometer.
As opposed to other approaches using multiple scalar calibrations [4] or establishing the angular deviations [2, 5] , we propose an alternative gradiometer astatization method. In comparison with [3] , our approach utilizes higherorder correction terms allowing for better astatization results.
Nomenclature

G zz
Gradient 
We propose a method of gradiometer astatization by the use of information about the orthogonal components of homogeneous field sensed by the X-Y orthogonal sensor pair (M X , M Y ) and by the homogeneous compensation coil coaxial to the gradient coil (M Z ). We propose that the corrected gradient Gcorr ZZ can be estimated as: (2) It is sufficient to know the M x , M y , M z values in engineering units only, since the inverse sensitivities are already part of the coefficients k 1 -k 6 . Having a large set of calibration points similar to the calibration presented in [2] in a gradient-free location, thus assuming Gcorr ZZ =0, we get a linear system -an overestimated set of equations, allowing to find k 1 to k 6 by SVD matrix decomposition: 
After astatization using the established k 1 to k 6 coefficients and the Equation 2, the gradiometer error was reduced from ± 50 000 nT/m to ± 50 nT/m -see Fig. 2 . The residual error after astatization did not depend on orientation to the Earth's field demonstrating the suitability of the algorithm. For practical use, the error is even lower for a limited movement of the probe. 
Gradiometer performance
The gradiometer with small gradiometric base cannot compete with large 1-m base systems; however it allows to obtain accurate gradient information about weak and near sources [1] . For example we could estimate a source of 1.8×10 -2 Am 2 strength (35 cm 3 magnetized iron ore piece) with 10% error in a 20-cm distance, whereas 2-points magnetometric method yielded a 40% error. The low gradiometer noise (1nT/m/ Hz) allowed 30-cm field detection distance of a 5×10 -4 Am 2 source, which can be e.g. a 1 cm 3 chondrite [6] . Field trials of the gradiometer have been performed in a public park showing the feasibility of astatization: without it, the test objects (permanent magnets and various steel objects) could not be detected because of the parasitic response of the gradiometer -see Fig. 3 . The gradient noise measured at a location of this kind provides valuable information. This time, the probe was kept fixed, and the output was logged for 2 minutes. The noise in Fig. 5 shows that astatization improves the noise floor of the gradiometer even when it is fixed in the Earth's field -the raw gradiometer output still contains the large homogeneous noise from distant sources (DC powered subway, DC electric train traction) due to angular misalignments of the two gradiometer sensors. After astatization, the gradiometer noise decreased about 30×.
Conclusion
The presented method for compensating the gradiometer spurious sensitivity to homogeneous field was applied to a compact gradiometer with the help of additional outputs giving information about the three homogeneous field components. With a 3-cm gradiometric base, the error due to the motion in the Earth's field decreased 1000-times down to ± 50 nT/m. A field trial was conducted showing feasibility of such gradiometer and we have also shown that even for a static position, gradiometer astatization is necessary to suppress strong field noise of distant sourcesthis could be a problem for other gradiometers relying only on gain adjustment, assuming perfect alignment of gradiometric probes [7] .
